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CALPHAD Data Challenges

• Data fragmentation

• Data standards

• Workflow tools

• Uncertainty 
quantification

• Reproducibility
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ESPEI:  Extensible, Self-optimizing Phase 

Equilibrium Infrastructure

Shang, Wang, Liu, Magnesium Technology 2010, p. 617
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Model Data

• Crystallographic: 

atomic positions

• Thermochemical: 

heat capacity, 

enthalpy, free 

energy

• Phase equilibrium: 

phase boundary

Gibbs energy models 

linked to input data 

used in evaluation of 

model parameters
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Tutorials and Installation: ESPEI.org

• Minimal input for a full run 

(shown right)

• Can do automated 

parameter generation, 

Monte Carlo, or both 

• Restart from previous run 

• Supports MPI on HPC 

clusters 

• Many customization 

options 

https://espei.org/
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pycalphad.org
- Open source 
CALPHAD tool
- Supports user-
supplied phase 
models

Otis & Liu, J. Open Res. Softw. 5, 1 (2017).
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Ensemble MCMC

• Run many “random 
walk” parameter 
chains at once 

• Fewer tunable 
parameters versus 
standard MCMC

• Better handling for 
parameter 
correlations

J. Goodman and J. Weare, 2010. doi: 10.2140/camcos.2010.5.65 
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Uncertainty in CALPHAD Modeling

Otis & Liu, JOM 69, 886–892 (2017).

Probability distribution for 

magnetic parameters for Al-Ni
Uncertainty of CALPHAD parameters 

propagated to heat capacity of Ni3Al
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CALPHAD Uncertainty for Process 

Modeling
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ESPEI Software Stack

High-throughput modeling

Data management

CALPHAD modeling

Phase diagrams

Numeric computation

Symbolic computation

Otis & Liu, JOM 69, 886–892 (2017).

NumPy

SymPy

pycalphad

ESPEI

Externally 

developed

Led at JPL

Led at 

Penn State
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ESPEI Cu-Mg Case Study

Input first-principles data
Automated parameter selection

1 minute wall time

fcc SQS
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Available as tutorial: https://espei.org
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ESPEI Cu-Mg Case Study

Brandon 

Bocklund, 

Penn State

Dr. Irina 

Roslyakova, 

ICAMS, 

Germany

Aleksei Egorov, 

ICAMS, 

Germany

After Monte Carlo calculation

8 hours wall time on 4 cores
Contributed by

Available as tutorial: https://espei.org
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Cu-Mg Laves C15 

“corner plot”

Visual depiction of 

parameter covariance

Diagonals show 

marginalized 

distributions
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Thank You

• richard.otis@jpl.nasa.gov

• https://pycalphad.org

– Chat: gitter.im/pycalphad/pycalphad

• https://espei.org

– Chat: gitter.im/PhasesResearchLab/ESPEI

https://pycalphad.org/
https://espei.org/

